To determine the safety of a US-based, state-regulated Internet system vs a multispecialty primary care system for prescribing phosphodiesterase type 5 (PDE-5) inhibitors for erectile dysfunction.
Unsurprisingly, the increase in demand for electronic health information has evolved in association with directto-consumer advertising of pharmaceuticals, which has led the public to seek Internet prescribing. However, prescribing via the Internet has resulted in legal, professional, confidentiality, and safety breaches that threaten public safety. 4 In response to e-medicine prescribing, the health care industry has appropriately raised serious concerns about the safety of prescribing over the Internet. [5] [6] [7] Two major obstacles exist for the safe and effective delivery of e-medicine prescribing. The first is need for a medical interview tool that generates a complete and accurate individualized medical history. 8 An expert interview tool has been developed and is currently being used in an emedicine prescribing system. 9 The interview uses confirmatory questions and standardized scales to collect medical history, symptoms, drug history, and prior adverse drug events, providing a unique interview for each patient, to determine prescribing appropriateness. 10 Information is standardized into a discrete, codified e-medicine record, reviewed by a licensed physician in good standing with a state regulatory agency and permitting direct customized patient consultation via electronic or telephone follow-up.
The second obstacle is consistent regulatory approval. One method to garner consistent regulatory approval would be for e-medicine businesses to grant access to their client databases in a transparent, verifiable, and confidential manner. This access would allow consistent accountability to federal and state regulatory authorities. The State of Utah entered into a consent order with KwikMed, an Internet prescribing company (Appendix 11 ), to permit eprescribing of erectile dysfunction drugs under the Utah Practice Act, providing the welfare of the users remained paramount, that acceptable standards of care were consistently maintained, that properly supervised physicians and pharmacy personnel adhered to ethical conduct, and that monitors had constant access to Web site records while the
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users' confidentiality was maintained. Further, patients are provided direct access to the State of Utah for concerns through the Web site.
Phosphodiesterase type 5 (PDE-5) inhibitors were chosen for this study for several reasons. This drug class is safe and effective for erectile dysfunction, regardless of etiology, with clear contraindications. Further, recommendations for using the drug have been generally established by expert opinion, rather than by evidence, leading to variance in prescribing.
Use of an expert interview system for PDE-5 drugs with regulatory approval from the State of Utah suggests that eprescribing via the KwikMed Web site is relatively safe. However, no independent data currently exist to assess safety of this type of prescription delivery system vs a traditional medicine system. Therefore, a stratified, random sampling technique was used to compare KwikMed emedicine records to records from a traditional multidisciplinary primary care system from the Salt Lake City, UT, area to compare the noninferiority safety of prescribing PDE-5 inhibitors between the systems.
PATIENTS AND METHODS
A stratified random sample of 500 unique records from 102,734 e-medicine records and 110,000 traditional electronic charts from a multidisciplinary primary care system from January 1, 2001, to December 31, 2005, were selected. This database was searched for records of any patient with the diagnosis of erectile dysfunction. Data were assessed by degree of underlying disease burden for each patient in the database; 75% of the database was a consistent mix of patients, with 1 concomitant disease and receiving only 1 legend (requiring a prescription) drug. Fifteen percent of patients had a disease burden with 2 or more underlying diseases and were receiving 2 or more legend drugs. The remaining 10% had no underlying diseases and received no drugs. Similarly, 500 traditional medicine electronic records were then randomly selected. Because of the higher disease burden and subsequent number of legend drugs in the traditional medicine database, categories were set at 4 diseases for the largest portion of the database, more than 4 for the most disease burdened, and fewer than 4 for the least disease burdened. The disease burden was permitted to vary between databases to reflect the unique distribution of patients in each database.
Demographics, current and past medical history including alcohol use by patient history or by CAGE questionnaire (e-medicine only), 12 depression identified by patient history or by Centers for Epidemiologic Studies-Depression Scale (e-medicine only), 13 and all medications including antihypertensive agents, nitrates, or α 1 -adrenergic blockers were recorded. The history of erectile dysfunction was assessed by diagnostic questions about time of sexual difficulty, confidence in erection, erections acceptable for penetration, and erections maintained to complete intercourse. 14 In traditional medicine, recording of these questions or a physical examination was noted if documented within 1 year of the incident visit for the PDE-5 inhibitor prescription. Each PDE-5 inhibitor prescription written or denied was analyzed, as well as any prescriptions contraindicated as determined by the package inserts for the 3 commercially available PDE-5 inhibitors. Prescription contraindications were determined by product label identifying serious drug interactions with PDE-5 inhibitors with or without presence of high-risk cardiovascular disease. High risk was defined as the presence of multiple risk factors with structural heart disease and a recent cardiovascular event. The contraindication was confirmed if the patient did not receive counseling. Patient education about PDE-5 inhibitor use, adverse effects, and avoidance of concomitant medications were analyzed. Renewal prescriptions and patient follow-up, including electronic, telephone, or face-to-face contact, were recorded for both systems. For traditional medicine patients, the mode of identification of erectile dysfunction was analyzed, including patient complaint, patient request, or telephone request.
This study was reviewed, declared exempt, and approved by the University of Utah Institutional Review Board.
STATISTICAL ANALYSES
Demographics, medical history, and drug history variables were compared between the e-medicine and traditional family medicine systems using standard statistical comparisons, or superiority tests, because differences were of interest. For categorical data with 2 categories, the groups were compared with the χ 2 test or Fisher exact test, as appropriate. For unordered categorical data with more than 2 categories, the groups were compared with the χ 2 test or the Fisher-Freeman-Halton test as appropriate. For ordered categorical data, the Mann-Whitney test was used. For continuous variables, groups were compared using a 2-sample t test with a Mann-Whitney test if data were skewed.
The safety comparisons of prescription appropriateness, frequency of validated International Index of Erectile Questions (IIEQs) for diagnosis of erectile dysfunction, and patient education were determined using a noninferiority test. Noninferiority studies test a hypothesis of whether a group is no worse than the comparison group. 15, 16 In a noninferiority study, one group can be slightly worse than the other group, but without clinical consequence. This slight difference is referred to as the noninferiority bound, which is decided before the study is conducted. To determine whether e-medicine is just as safe as traditional medicine in prescribing PDE-5 inhibitors, a noninferiority study and statistical analysis were undertaken.
Noninferiority was inferred if the lower bound of a 2-sided 95% confidence interval (CI) for the risk ratio was greater than the relative noninferiority bound of 0.95. If noninferiority was demonstrated, then superiority was tested. This 2-stage testing of noninferiority and superiority controlled the type I error rate. 17 To allow for multiple comparisons introduced by using 6 safety comparisons, the 95% CIs for the relative risks (RRs) were adjusted using Bonferroni multiple comparison procedure in the noninferiority comparisons.
18 Thus, although "95% CI" is stated, these are actually Bonferroni-adjusted values for 6 comparisons, making them 99.17% CIs. This made the CIs wider and so more likely to cross or approach the noninferiority bound, correctly making it more difficult to demonstrate noninferiority. Confidence intervals adjusted using Bonferroni multiple comparison procedure were also used for the 6 superiority analyses. Superiority was inferred if the lower bound of the CI exceeded the null hypothesis value, RR = 1, which represents no difference. These wider CIs were more likely to cover or approach the null value, thus correctly making it more difficult to conclude a difference or superiority.
The selected sample size of 500 in each group allowed a 96% power to demonstrate noninferiority in both groups, assuming compliance on a safety comparison of 100% and 95%. Significance was set at P<.05 level for all tests, using 2-sided comparisons.
Because of the difference in age and disease burden between the 2 databases, a multivariate modified Poisson regression model was fitted to each variable listed in the Table to directly estimate the risk ratio, and then noninferiority comparisons were made using the adjusted risk ratios. 19 To balance the 2 delivery systems on underlying disease severity and medication frequency, the models were adjusted for age, body mass index, history of tobacco use, alcohol use, hypertension, coronary artery disease, heart failure, diabetes mellitus, liver disease, seizures, renal disease, pulmonary disease, priapism, Peyronie disease, abnormal curvature of the penis, prostate enlargement, depression, the number of legend drugs prescribed, nitrates, and α 1 -adrenergic blockers.
For the diagnosis of erectile dysfunction using the IIEQs, the e-medicine system had a constant 100% compliance, with zero variance, as this was a required question in the system. To use a variance estimated from the traditional medicine system only, comparing compliance in traditional medicine to the constant of 100% provided a more generally acceptable analysis. This was accomplished by fitting a multivariate modified Poisson regression to traditional medicine only. Then the adjusted percentage of times the IIEQs were asked was estimated from the model, while holding the covariates constant at the total sample mean values, or combined group means. The risk ratio and CIs were then computed using RR = 1/(traditional medicine proportion), allowing a consistent presentation with the other outcomes of RR as the effect estimate. To clarify, because the e-medicine system had a fixed 100% compliance of asking the 4 IIEQs (required by the system design), its noninferiority was guaranteed without the need of a statistical demonstration, and proof of its superiority would have required only one patient who was nonadherent in the traditional medicine system. The statistical analyses were therefore used for quantifying the differences and providing CIs.
RESULTS
We selected 500 unique patients from e-medicine records and traditional family medicine electronic charts. Demographics for both groups are shown in the Table. Overall, the e-medicine clients were younger and healthier (demonstrated by a smaller body mass index and less disease burden) and were taking fewer medications.
The diagnosis of erectile dysfunction symptoms was assessed as one of the safety outcomes (Figure) . The emedicine clients were queried universally on all 4 IIEQs, whereas traditional medicine patients were queried less than 25% of the time. After adjusting for covariates in the Table, both noninferiority and superiority of the e-medicine system were shown for all 4 IIEQs: time of sexual difficulty (e-medicine, 100%; traditional medicine, 16.4%; adjusted RR, 4.9; 95% CI; 3.6-6.9), confidence in erection (e-medicine, 100%; traditional medicine, 17.2%; adjusted RR, 10.0; 95% CI, 7.3-13.8), whether erection was acceptable for penetration (e-medicine, 100%; traditional medicine, 9.8%; adjusted RR, 12.2; 95% CI, 8.1-18.4), and ability to maintain erection to complete intercourse (emedicine, 100%; traditional medicine, 23.6%; adjusted RR, 3.6; 95% CI, 2.8-4.7).
The rate of contraindicated prescriptions was also a primary safety comparison. Eleven (2.2%) and 47 (9.4%) of prescriptions were contraindicated in the e-medicine and traditional medicine systems, respectively. Most contraindicated prescriptions occurred in the traditional medicine system when PDE-5 inhibitors were prescribed by telephone consultation. The system disparity was not evident, however, after adjusting for covariates in the Table. The 2 systems were shown to be comparable; when expressed in the same terms as other safety outcomes, 97.8% of emedicine prescriptions were not contraindicated and 90.6% of traditional medicine prescriptions were not contraindi- cated (adjusted RR, 1.01; 95% CI, 0.96-1.06). Most of the difference was caused when physicians prescribed PDE-5 inhibitors by telephone call only (8.3% of the total prescribing in traditional medicine; 100% determined to be contraindicated). Superiority of one system over the other was not demonstrated on this safety outcome.
The third safety comparison was patient education (Figure) . Written manufacturer product information was provided to all clients in the e-medicine system (100%). Tailored electronic messages were also sent to 75.2% of clients. In comparison, no medication instructions were recorded for 51.8% of family medicine prescriptions at the prescribing visit. After adjustment for the covariates, both noninferiority and superiority of the e-medicine system were demonstrated for this outcome (e-medicine, 100%; traditional medicine, 31.0%; adjusted RR, 3.4; 95% CI, 2.5-4.6).
A genital physical examination was frequently not recorded in the traditional medicine system. The recording rate of any physical examination was 67.6%. Genitals were examined for 19.8% of the patients. In 5 encounters, the patient refused a genital examination. The e-medicine records showed 80% of clients had undergone a general medical examination within the last year and 97% within 2 years.
It was more common in the traditional system to receive a PDE-5 inhibitor. A PDE-5 inhibitor prescription was filled at every incident encounter in the traditional medicine system vs 83% of the time in the e-medicine system by questionnaire only (an additional 12.4% were filled after telephone consultation between the physician and the client). In all e-medicine and traditional medicine encounters, patients had initiated the request for the drug or had experienced impotence, which led to the prescription. Sildenafil was the most frequently prescribed agent in both the emedicine and traditional medicine systems, accounting for 73.6% and 90.4%, respectively (P<.001). Tadalafil and vardenafil were prescribed in 18.8% and 7.6% of the e- Follow-up in both groups was tracked by any query to the prescribed PDE-5 inhibitor, including tolerance, relief of symptoms, and prescription renewal or through change to another erectile dysfunction medication. Prescriptions were renewed at a 25% rate, independent of the system (P=.67).
DISCUSSION
Erectile dysfunction affects more than 100 million men worldwide, and more than 600,000 men aged 40 to 69 years seek care annually in the United States. 20, 21 Effective and reliable therapy with PDE-5 inhibitors is driving more men to seek treatment. Given the increasing use of the Internet to seek health care information and the social stigma of erectile dysfunction, the Internet is being increasingly used by men seeking erectile dysfunction treatment. However, the safety of these Internet prescription systems is appropriately being questioned because of lack of oversight by state regulation and the lack of perceived safety with the current face-to-face system. This study demonstrated noninferiority safety end points of a state-regulated Internet e-prescribing system for erectile dysfunction medications compared with a traditional medicine system. Specifically, the e-medicine system demonstrated noninferiority to the traditional medicine system in the number of contraindicated prescriptions for PDE-5 inhibitors but was not superior. Prescription counseling occurred more often in the e-medicine system. The e-medicine system more frequently evaluated erectile dysfunction symptoms. The traditional medicine system treated a larger number of patients with erectile dysfunction who had a greater disease burden, and it more often targeted the physical examination to the primary disorder, rather than to erectile dysfunction.
Innovation, technology, and current medical practice all factor into the outcome of this study. Application of an expert interview system specifically targeted to erectile dysfunction along with a continuous platform for patient client-physician communications make this particular Internet system comparable to traditional medical practice. Medical practice guidelines for erectile dysfunction recommend a medical interview regarding the sexual dysfunction of the patient. 14 Our results show that IIEQs are infrequently solicited from patients with erectile dysfunction, perhaps related to the social stigma of the disorder to both the patient and the physician or to the time constraints placed on physician visits. A complete multisystem physical examination, including a genital examination, should be conducted to reveal cardiovascular disease and neurologic and urologic abnormalities.
14 The e-medicine system recorded a rate of 80% who had undergone a general medical examination within the past year. In comparison, physical examinations in the traditional medical system seemed to be conducted selectively, and a genital examination was often not performed. Diligence in traditional medical practices to conduct and to act on findings of the physical examination has been recently questioned. 22 FIGURE. Noninferiority analysis of safety end points. CI = confidence interval; RR = relative risk. Guidelines from the Federation of State Medical Boards for appropriate use of the Internet in medical practice and from the National Association Boards of Pharmacy Verified Internet Pharmacy Practice Sites state that a patient evaluation, including a physical examination to establish the diagnosis, must be documented before treatment. 5, 23 However, results of this study demonstrate that diagnostic questions and physical examinations directed to erectile dysfunction are often undocumented. These results were confirmed by a study of the 2002 National Ambulatory Medical Survey of office-based physicians not federally employed and by the National Hospital Ambulatory Medical Care Survey of hospital outpatient clinics and emergency departments analyzed for sildenafil prescribing. 24 In men 30 years or older who received a prescription for sildenafil, no diagnosis or complaint of erectile dysfunction was documented for half of them. The position of the Federation of State Medical Boards and National Association Boards of Pharmacy also appears to conflict with the American Medical Association's House of Delegates resolution adopted in 1999: "support[s] the use of the Internet to prescribe medications with appropriate safeguards to ensure that the standards for high quality medical care are fulfilled."
6 Results of the current study suggest that, under a platform of regulatory oversight, the safety of e-medicine care can match or possibly exceed traditional medical care, providing an evidence-based framework to reexamine current guidelines.
In the e-medicine system, 80% of clients had had a general medical examination in the year before the encounter. Why did these patients not request treatment for erectile dysfunction in the traditional manner? Our results suggest that they would have received the drug if they had requested it. One may reflect that users of the Internet do not have to visit the physician's office, providing convenience. Online pharmacies can be more accessible to people with limited mobility and to people in remote areas.
25 Prescription authorizations can be securely placed 24 hours a day and delivered by mail. [26] [27] [28] [29] This convenience is accentuated by potential safety; numerous errors occur when written or verbal instructions are misunderstood. 30 Providing standardized, consistent information and treatment that is transparent is possible for all patients with today's health care information technology, not selectively as in traditional medicine. Online pharmacies can reduce costs to patients for prescriptions because of leveraging economies of scale and decreasing transaction costs. 31 Patients can avoid the social stigma, especially in small communities, of talking about erectile dysfunction with their physicians or of filling the PDE-5 inhibitor prescription at the local drugstore.
The e-medicine system was compared with a multidisciplinary primary care system for only erectile dysfunction medications. Because patients with erectile dysfunction are seen by a variety of practitioners, including from internal medicine, urology, and family medicine, the results of this study might not apply to all practices. Urologists document erectile dysfunction more often than family medicine, internal medicine, or other physicians. 32 As it happens, the e-medicine system has a supervising urologist. Results of this study on e-medicine prescribing of PDE-5 inhibitors might not be universal for all medications.
The result of prescribing a PDE-5 inhibitor every time a patient with erectile dysfunction is encountered in the traditional medicine system requires discussion. Traditional clinicians might provide medication without considering contraindications. The electronic medical record in traditional medicine did not have a drug-interaction warning system, whereas it is available to the e-medicine system. Our finding that most contraindicated prescriptions were offered as a result of a telephone conversation with patients suggests that multitasking on the telephone without access to the electronic medical record could lead to errors. In the e-medicine system, prescribing decisions are always made with the electronic medical record as the focus. Another possibility is that clinicians who decide not to provide an erectile dysfunction medication do not document the diagnosis.
Two other limitations could be e-medicine clients' ability to truthfully answer interview questions and minimal time in the traditional system to complete documentation. Studies have found that patients are more honest in answering questions generated by a computer than in answering physicians' questions when face-to-face. 8 In consideration of the current state of modern medical practice (eg, time pressures) and of the importance of comprehensive history recording to reimbursement, benefits of patients providing accurate patient histories through an interactive medical tool could apply across many practices, not be restricted to the Internet.
CONCLUSION
A state-regulated e-medicine system was shown to be similar to a traditional multidisciplinary primary care system for all safety end points in prescribing PDE-5 inhibitors. The e-medicine system outperformed the traditional system in most of the safety variables tested. Additional studies of e-medicine vs traditional medicine systems are needed to confirm our results.
We recommend that state regulatory agencies consider the regulatory model of oversight protections implemented by the state of Utah to license Internet prescribing companies.
APPENDIX. E-Medicine Internet Web Site Procedures
The Internet site prompts all clients to provide registration information, allowing the site to quickly identify new vs returning clients. 11 Registration information allows comprehensive oversight of potential client impersonation by cross-referencing registration information with the up-to-date database. Specifically, each new client name is matched to the database by name, with credit card information, occasionally through telephone contact, and, if necessary, by background searches on the Internet.
Each client is directed to an interactive patient interview questionnaire designed to collect a complete medical history for erectile dysfunction.
The patented software assesses a client's mental health, determines the likelihood of alcohol problems, anxiety, and depression and collects history on all recognized contraindications and associated disorders for the permitted prescribing of legend drugs by the State of Utah Division of Occupational and Professional Licensing. The software consolidates the data into an electronic medical record reviewed by a physician registered and in good standing with the State of Utah.
Physicians can then make a decision as follows: (1) to prescribe for the patient an erectile dysfunction drug on the basis of the initial medical history provided through the patient interview questionnaire, (2) to collect additional information clarifying the medical history by either telephone or e-mail, or (3) to deny the prescription. If the prescription is approved, it is electronically sent for dispensing to a pharmacy registered in the State of Utah and to a pharmacist in good standing. Each medication is then shipped via an internationally recognized courier requiring an adult's signature for delivery.
If a client returns to the Internet site for refill authorization, a separate interactive questionnaire for refills (tailored to determine the patient's experience with the medication) must be completed. This refill questionnaire collects any new medical or drug information since the original prescription, before the same oversight of the prescribing and dispensing process transpires.
The electronic medical record created for each e-medicine client is transparent and contains a record of all medical data collected, all physicianclient interactions, and all client administrative interactions. All clients are able to access their medical file online and see the resume of the prescribing physician and pharmacist. Patients are not allowed to alter their medical record but are able to alter their contact information. To provide continuity of care, patients may request a copy of their medical data be sent to their physician by providing the name and address to the system.
